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(54) ELECTRONIC DEVICE COMPRISING ANTENNA MODULE

(57) An embodiment of the present invention disclos-
es an electronic device comprising: at least one proces-
sor; an antenna module operatively connected to the at
least one processor; and a first heat radiation member
arranged on an upper part of the antenna module. The
antenna module comprises: a printed circuit board com-
prising a plurality of layers; a plurality of antennas ar-
ranged on at least some of the plurality of layers toward
the first heat radiation member so as to transmit or re-
ceive signals; and a radio frequency integrated circuit
(RFIC) arranged on a lower part of a first layer of the
plurality of layers and electrically connected to the at least
one processor. The first heat radiation member is ar-
ranged on an upper part of a second layer arranged on
an upper part of the first layer, and comprises a conduc-
tive pattern arranged in an area thereof so as to be
aligned with at least a portion of an edge area of each of
the plurality of antennas. In addition, various embodi-
ments identified through the specification are possible.
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Description

[Technical Field]

[0001] Various embodiments disclosed in the present
document relate to an electronic device including an an-
tenna module.

[Background Art]

[0002] A wireless communication protocol has been
proposed for more efficiently transmitting and receiving
information resources involved in the operation of an
electronic device. For example, a recent electronic de-
vice is employing a so-called 5G network communication
technology, which is a nextgeneration network commu-
nication technology that uses a signal of a very high fre-
quency band. The 5G network communication is a wire-
less communication protocol defined by a third-genera-
tion partnership project (3GPP), and enables high-speed
or large-capacity data transmission/reception by using a
millimeter wave (mm wave) band signal.
[0003] An antenna module supporting the 5G network
communication of the electronic device can include a plu-
rality of antenna elements arranged in an array structure.
Also, the antenna module can further include a conduc-
tive via hole - based wall (or slot) formed to surround
each of the plurality of antenna elements, in relation to
isolation improvement for the plurality of antenna ele-
ments.

[Disclosure of Invention]

[Technical Problem]

[0004] As a spaced interval between a plurality of an-
tenna elements is narrowed due to the miniaturization of
an antenna module, walls surrounding respective anten-
na elements may share at least a portion of each other,
or may be electrically coupled to each other. In this case,
currents can be excited in a plurality of walls at operation
of the antenna module, thereby affecting signal charac-
teristics of the antenna module. For example, by the cur-
rents excited in the plurality of walls, signals of arbitrary
frequency bands can be radiated from the plurality of
walls, and this signal radiation can distort a beam gen-
erated by the antenna module, or decrease a sensitivity
of the beam for a specific direction, thereby inhibiting the
formation of a uniform beam coverage of the antenna
module.
[0005] Various embodiments disclosed in the present
document may provide an electronic device including an
antenna module, for supporting smooth 5G network com-
munication operation of an electronic device, by sup-
pressing a distortion or a sensitivity degradation of a
beam provided by the antenna module, based on a con-
ductive pattern implemented in the antenna module.

[Solution to Problem]

[0006] An electronic device of an embodiment may in-
clude at least one processor, an antenna module oper-
atively connected to the at least one processor, and a
first heat radiation member arranged on an upper part of
the antenna module. The antenna module may include
a printed circuit board including a plurality of layers, a
plurality of antennas arranged on at least some of the
plurality of layers toward the first heat radiation member
so as to transmit or receive signals, and a radio frequency
integrated circuit (RFIC) arranged on a lower part of a
first layer of the plurality of layers and electrically con-
nected to the at least one processor. The first heat radi-
ation member may arrange on an upper part of a second
layer arranged on an upper part of the first layer, and
may include a conductive pattern arranged in one region
thereof so as to be aligned with at least a portion of an
edge region of each of the plurality of antennas.
[0007] An electronic device of an embodiment may in-
clude at least one processor, and an antenna module
operatively connected to the at least one processor. The
antenna module may include a printed circuit board in-
cluding a plurality of layers, a plurality of antennas ar-
ranged on a first layer of the plurality of layers, a conduc-
tive pattern arranged on a second layer arranged on an
upper part of the first layer, and a radio frequency inte-
grated circuit (RFIC) arranged on a lower part of a third
layer arranged on a lower part of the first layer, and elec-
trically connected to the at least one processor. The con-
ductive pattern may be arranged on the second layer so
as to be aligned with at least a portion of an edge region
of each of the plurality of antennas.

[Advantageous Effects of Invention]

[0008] According to various embodiments, an efficien-
cy of 5G network communication of an electronic device
may be improved, by eliminating an electrical factor ca-
pable of deteriorating signal characteristics of an antenna
module, based on a conductive pattern implemented in
the antenna module.
[0009] According to various embodiments, heat radia-
tion of the antenna module may be supported based on
the conductive pattern.
[0010] In addition, various effects directly or indirectly
identified through the present document may be provid-
ed.

[Brief Description of Drawings]

[0011]

FIG. 1 is a diagram illustrating an electronic device
including an antenna module according to an em-
bodiment.
FIG. 2 is a diagram illustrating an antenna module
according to an embodiment.
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FIG. 3 is a diagram illustrating a cross-section of one
direction of an antenna module according to an em-
bodiment.
FIG. 4A is a diagram illustrating an effect of improving
a signal radiation pattern of each of a plurality of an-
tenna elements according to an embodiment.
FIG. 4B is a diagram illustrating an effect of improving
a radiation pattern of a composite beam provided by
an antenna module according to an embodiment.
FIG. 5A is a diagram illustrating an antenna module
according to another embodiment.
FIG. 5B is a diagram illustrating an effect of improving
a signal gain of an antenna module according to an-
other embodiment.
FIG. 6A is a diagram illustrating a display of an elec-
tronic device according to an embodiment.
FIG. 6B is a diagram illustrating an antenna module
according to another embodiment.
FIG. 6C is a diagram illustrating an effect of improv-
ing a signal gain of an antenna module according to
a further embodiment.
FIG. 7 is a diagram illustrating an electronic device
in a network environment according to an embodi-
ment.
FIG. 8 is a diagram illustrating an electronic device
supporting legacy network communication and 5G
network communication according to an embodi-
ment.

[0012] In relation to a description of the drawings, the
same reference numerals may be assigned to the same
or corresponding components.

[Mode for Carrying out the Invention]

[0013] Hereinafter, various embodiments of the
present disclosure are disclosed with reference to the
accompanying drawings. However, the present disclo-
sure is not intended to be limited by the various embod-
iments of the present disclosure to a specific embodiment
and it is intended that the present disclosure covers all
modifications, equivalents, and/or alternatives of the
present disclosure provided they come within the scope
of the appended claims and their equivalents.
[0014] FIG. 1 is a diagram illustrating an electronic de-
vice including an antenna module according to an em-
bodiment.
[0015] Referring to FIG. 1, the electronic device 100
of an embodiment may include a housing that forms at
least a portion of a body or appearance of the electronic
device 100. The housing includes, for example, a first
plate 110 (e.g., a front plate or cover glass) facing a first
direction (e.g., a +Z-axis direction with respect to the il-
lustrated coordinate axis), a second plate 120 (e.g., a
rear plate) facing a second direction (e.g., a -Z-axis di-
rection with respect to the illustrated coordinate axis) op-
posite to the first direction, and a side member 130 ar-
ranged in at least a portion of an edge region between

the first plate 110 and the second plate 120 (or at least
partially surrounding a space between the first plate 110
and the second plate 120).
[0016] In an embodiment, the first plate 110, the sec-
ond plate 120, and the side member 130 may be coupled
to each other in at least one region and form the housing
of the electronic device 100. In this regard, at least a
portion of an edge region of the first plate 110 may be
curved at a specified curvature and be extended in the
second direction, and correspondingly, an edge region
of the second plate 120 may be at least partially curved
at the same or similar curvature to the specified curvature
and be extended in the first direction. In various embod-
iments, the side member 130 may be integrally formed
with the second plate 120. In this case, the housing of
the electronic device 100 may be formed by a combina-
tion of the first plate 110 and the second plate 120 that
includes the side member 130.
[0017] According to an embodiment, an internal space
of the electronic device 100 may be defined by the hous-
ing, and at least one component related to a functional
operation of the electronic device 100 may be accommo-
dated in the internal space. For example, at least one
antenna module 201, 203, and/or 205 supporting 5G net-
work communication (e.g., communication using a mm
wave band signal of 20 GHz or more) may be arranged
in the internal space of the electronic device 100. In an
embodiment, when looking at the electronic device 100
from which the second plate 120 is removed, the at least
one antenna module 201, 203, and/or 205 may include
at least one of the first antenna module 201 arranged
adjacent to an upper right region of the electronic device
100, the second antenna module 203 arranged adjacent
to an upper left region, and the third antenna module 205
arranged adjacent to a lower right region.
[0018] The first antenna module 201 may include, for
example, a plurality of patch antenna elements arranged
toward the second plate 120 of the electronic device 100.
By using the plurality of patch antenna elements, the first
antenna module 201 may provide a beam of a radiation
pattern facing a first external direction (e.g., a + Z-axis
direction with respect to the illustrated coordinate axis)
from the inside of the electronic device 100. Or, the first
antenna module 201 may include a plurality of dipole
antenna elements and, by using the plurality of dipole
antenna elements, the first antenna module 201 may pro-
vide a beam of a radiation pattern facing a second exter-
nal direction (e.g., a +Y-axis direction with respect to the
illustrated coordinate axis) and a third external direction
(e.g., a direction between a +Z axis and a -Z axis on a
Y-Z plane with respect to the illustrated coordinate axis)
from the inside of the electronic device 100.
[0019] The second antenna module 203 may include,
for example, a plurality of patch antenna elements ar-
ranged toward the left side of the electronic device 100
with respect to a rear surface (or the second plate 120)
of the electronic device 100. By using the plurality of patch
antenna elements, the second antenna module 203 may
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provide a beam of a radiation pattern facing a fourth ex-
ternal direction (e.g., a -X-axis direction with respect to
the illustrated coordinate axis) from the inside of the elec-
tronic device 100. Similarly, the third antenna module
205 may include a plurality of patch antenna elements
arranged toward the right side of the electronic device
100 with respect to the rear surface (or the second plate
120) of the electronic device 100. By using the plurality
of patch antenna elements, the third antenna module 205
may provide a beam of a radiation pattern facing a fifth
external direction (e.g., a +X-axis direction with respect
to the illustrated coordinate axis) from the inside of the
electronic device 100.
[0020] FIG. 2 is a diagram illustrating an antenna mod-
ule according to an embodiment, and FIG. 3 is a diagram
illustrating a cross-section of one direction of the antenna
module according to an embodiment. In FIG. 3, the one
direction for the antenna module may be understood as
a direction A-A’ shown in FIG. 2.
[0021] Referring to FIG. 2 and FIG. 3, the antenna mod-
ule 200a (e.g., the first antenna module 201, the second
antenna module 203, and/or the third antenna module
205 of FIG. 1) of an embodiment may include a board
210, a plurality of antenna elements 230, and a radio
frequency integrated circuit (RFIC) 140. In various em-
bodiments, the antenna module 200a may additionally
include at least one other component in addition to the
above-described components. For example, the antenna
module 200a may further include an absorbing member
arranged on a lower part of the RFIC 140, and the ab-
sorbing member may block electromagnetic waves emit-
ted toward the inside of an electronic device (e.g., the
electronic device 100 of FIG. 1) from the antenna module
200a. According to various embodiments, the absorbing
member may include a ferromagnetic material consisting
of at least one of iron (Fe), cobalt (Co), nickel (Ni), and
a combination of the above materials. Or, the antenna
module 200a may further include a shielding member for
electromagnetically shielding the RFIC 140. According
to various embodiments, the shielding member may in-
clude a shield can for accommodating at least a portion
of the RFIC 140.
[0022] A board 210 (e.g., a printed circuit board or a
flexible printed circuit board) may consist of, for example,
a plurality of layers that include a plurality of conductive
layers and a plurality of insulating layers. In an embodi-
ment, the plurality of conductive layers and the plurality
of insulating layers may be formed to have the same or
similar area to each other, and may be laminated alter-
nately and aligned in parallel. In this regard, the board
210 may include a plurality of conductive via holes 220
for electrically connecting the plurality of conductive lay-
ers spaced apart by the plurality of insulating layers to
each other. According to various embodiments, the plu-
rality of conductive via holes 220 may be formed in the
form of passing through the board 210, and may be ex-
tended wherein at least some thereof are protruded with
respect to a first layer (e.g., the uppermost layer) of the

plurality of layers included in the board 210. According
to various embodiments, the portion of the plurality of
conductive via holes 220 protruded with respect to the
first layer may have a shape of a wall (or a slot) surround-
ing at least a portion of an upper surface of the first layer.
[0023] A plurality of antenna elements 230 may be ar-
ranged on the first layer. For example, each of the plu-
rality of antenna elements 230 may be arranged on a
surface of the first layer, or be arranged inside the first
layer. Also, each of the plurality of antenna elements 230
may be arranged in an array structure having a mutually
specified spaced interval on the first layer, wherein at
least a portion thereof is surrounded by the wall formed
by the plurality of conductive via holes 220 protruded with
respect to the first layer. In an embodiment, the plurality
of antenna elements 230 may include a patch antenna
element that provides a beam in front of the antenna mod-
ule 200a (e.g., in a direction which the first layer faces),
and may receive an RF signal from the outside (e.g., an
access point or a base station) and forward the RF signal
to the RFIC 140, based on the beam provision, or may
receive an RF signal for transmission from the RFIC 140
and radiate the RF signal to the outside. In this regard,
the board 210 may further include at least one feeding
line 215 and at least one conductive via hole 221, that
electrically connect each of the plurality of antenna ele-
ments 230 and the RFIC 140 and support signal feeding
to the plurality of antenna elements 230. According to
various embodiments, the at least one feeding line 215
may include at least one of a coaxial cable and a flexible
printed circuit board.
[0024] The RFIC 140 may be arranged on a lower part
of a second layer (e.g., the lowermost layer arranged on
a lower part of the first layer) of the plurality of layers
included in the board 210, and may process an RF signal
that will be received through the plurality of antenna el-
ements 230 or be radiated through the plurality of anten-
na elements 230. In this regard, the RFIC 140 may
change a frequency band of the RF signal that will be
received or be radiated. For example, when radiating the
RF signal through the plurality of antenna elements 230,
the RFIC 140 may convert a baseband signal or an in-
termediate frequency (IF) signal into an RF signal of a
frequency band used for 5G network communication. Or,
the RFIC 140 may convert an RF signal received from
the outside (e.g., an access point or a base station) into
a baseband signal or IF signal which may be processed
by the electronic device 100 (or a processor of the elec-
tronic device 100).
[0025] According to an embodiment, the RFIC 140 may
be electrically connected to a main processor (e.g., a
main processor 721 of FIG. 7) of the electronic device
100, and may operate under the control of the main proc-
essor 721. Or, the RFIC 140 may be electrically connect-
ed to an auxiliary processor (e.g., a communication proc-
essor 723 of FIG. 7) of the electronic device 100 that
operates independently of the main processor 721, and
may operate under the control of the auxiliary processor
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723 regardless of the main processor 721.
[0026] In an embodiment, to suppress the deterioration
of reception performance or radiation performance of RF
signals, the antenna module 200a may further include a
substrate 240 on which a conductive pattern 250a is
formed. In this regard, when the antenna module 200a
is operated, a current may be excited in the wall that is
based on the plurality of conductive via holes 220 sur-
rounding each of the plurality of antenna elements 230.
In this case, by the excited current, a signal of an arbitrary
frequency band may be radiated from the wall and thus,
a beam provided through the plurality of antenna ele-
ments 230 may be distorted or a sensitivity of a beam for
a specific direction may be deteriorated. According to an
embodiment, the conductive pattern 250a formed on the
substrate 240 may be arranged to be adjacent to the wall,
and based on this, the current excited in the wall may be
induced to the conductive pattern 250a. The conductive
pattern 250a may include, for example, at least one seg-
ment region described later, and may block a resonance
of the current induced from the wall, based on the at least
one segment region, thereby eliminating an electrical fac-
tor (e.g., a radiation of a signal of an arbitrary frequency
band caused by the current excited in the wall) related
to performance deterioration of a beam provided by the
antenna module 200a.
[0027] The substrate 240 may be formed to have the
same or similar area to the board 210, and may be ar-
ranged on an upper part of the first layer of the board
210. For example, the substrate 240 may be formed sep-
arately from the antenna module 200a and coupled to
the first layer, or may be formed integrally with the board
210 to be included as a portion of the antenna module
200a. Or, the substrate 240 may be arranged to be
spaced apart from the board 210 by a predetermined
interval. For example, the substrate 240 may be coupled
to or adhered to a second plate (e.g., the second plate
120 of FIG. 1) of the electronic device 100, and the board
210 may be coupled to or mounted on an internal set
structure of the electronic device 100 while maintaining
a separation distance from the substrate 240 coupled or
adhered to the second plate 120.
[0028] According to various embodiments, the sub-
strate 240 may include a non-conductive material having
a low permittivity, so as not to impair a function of the
conductive pattern 250a or the signal characteristics of
a beam provided using the plurality of antenna elements
230. Or, the substrate 240 may at least partially include
a conductive material to the extent of not impairing the
function of the conductive pattern 250a or the signal char-
acteristics of the beam. For example, the substrate 240
may at least partially include a conductive material in a
region (e.g., an outer region of the conductive pattern
250a) not overlapping with the plurality of antenna ele-
ments 230, and the conductive material may support the
improvement of the heat radiation performance of the
antenna module 200a.
[0029] In an embodiment, at laminating (e.g., coupling

or integrating) between the board 210 and the substrate
240, the conductive pattern 250a may be aligned with an
edge region of each of the plurality of antenna elements
230 arranged on the first layer of the board 210. For ex-
ample, the conductive pattern 250a may at least partially
overlap with the wall that is based on the plurality of con-
ductive via holes 220 formed to surround each of the
plurality of antenna elements 230, or may be aligned with
an outer edge region of the wall. According to various
embodiments, the conductive pattern 250a may be
formed on a surface of the substrate 240 (e.g., be ad-
hered in the form of a sheet), or may be formed inside
the substrate 240.
[0030] According to an embodiment, the conductive
pattern 250a may support external heat radiation of a
heat provided from the antenna module 200a. For exam-
ple, the conductive pattern 250a may be implemented
with a metal material having a high thermal conductivity
and conduct a heat provided from the antenna module
200a to the substrate 240. Based on this, the substrate
240 including the conductive pattern 250a may function
as a heat radiation plate (e.g., a first heat radiation mem-
ber) for the antenna module 200a, and the substrate 240
may be formed to have a relatively large area on the
board 210 in relation to an increase of a surface area for
the outside as well.
[0031] According to an embodiment, the conductive
pattern 250a may include at least one segment region
for blocking a resonance of a current which is induced
from the wall being based on the plurality of conductive
via holes 220 to the conductive pattern 250a. For exam-
ple, the conductive pattern 250a may include at least one
segment region implemented at a random position on
the conductive pattern 250a. Or, the conductive pattern
250a may include a plurality of segment regions, and for
example, a portion of the conductive pattern 250a aligned
with an edge region of an arbitrary antenna element may
include a plurality of segment regions regularly or sym-
metrically implemented.
[0032] In various embodiments, a portion of the con-
ductive pattern 250a aligned with an edge region of an
arbitrary antenna element (e.g., a first antenna element),
and a portion of the conductive pattern 250a aligned with
an edge region of another antenna element (e.g., a sec-
ond antenna element) adjacent to the arbitrary antenna
element may be at least partially shared. According to
various embodiments, one region of the substrate 240
corresponding to the inner side of the conductive pattern
250a may include a plurality of openings 241 (e.g., the
first opening) in order to prevent a transmission loss of
an RF signal caused by the substrate 240. For example,
at laminating (e.g., coupling or integrating) between the
board 210 and the substrate 240, one region of the sub-
strate 240 aligned with the plurality of antenna elements
230 may be implemented as the plurality of openings 241.
[0033] FIG. 4A is a diagram illustrating an effect of im-
proving a signal radiation pattern of each of a plurality of
antenna elements according to an embodiment, and FIG.
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4B is a diagram illustrating an effect of improving a com-
posite beam radiation pattern provided by an antenna
module according to an embodiment.
[0034] Referring to FIG. 4A, a signal radiation pattern
provided by each of a plurality of antenna elements 231,
233, 235, and 237 may have improved performance,
based on the conductive pattern 250a of an embodiment.
For example, the conductive pattern 250a may eliminate
an electrical factor capable of impairing the signal radi-
ation pattern performance of the plurality of antenna el-
ements 231, 233, 235, and 237, by preventing a phe-
nomenon in which a current is excited in a wall that is
based on a plurality of conductive via holes (e.g., the
plurality of conductive via holes 220 of FIG. 2 or FIG. 3),
and a phenomenon in which a signal of an arbitrary fre-
quency band is radiated from the wall due to this.
[0035] In relation to an experimental example men-
tioned below, the solid line shown in FIG. 4A and FIG.
4B may indicate a radiation pattern of a comparison target
antenna module 300 not including the conductive pattern
250a, and the dotted line may indicate a radiation pattern
of the antenna module 200a including the conductive pat-
tern 250a.
[0036] Referring to a first radiation pattern (HI) as an
experimental example, it may be checked that a distortion
or sensitivity of a radiation pattern 232 provided by a first
antenna element 231 of the antenna module 200a of an
embodiment has been improved in comparison with a
radiation pattern 332 provided by a second antenna el-
ement 331 of a comparison target antenna module 300
(e.g., a third antenna module 846 of FIG. 8) not including
the conductive pattern 250a.
[0037] A second radiation pattern (H4) may indicate a
radiation pattern of a third antenna element 237 arranged
in a symmetrical position to the first antenna element 231
of the antenna module 200a of an embodiment, and a
radiation pattern of a fourth antenna element 337 of the
comparison target antenna module 300. Referring to the
second radiation pattern (H4), the radiation pattern of the
third antenna element 237 may have a symmetrical di-
rectivity to the radiation pattern (232 of HI) of the first
antenna element 231 described above, and it may be
checked that distortion or sensitivity has been improved
in comparison with the radiation pattern of the compari-
son target fourth antenna element 337.
[0038] Similarly, referring to a third radiation pattern
(H2), it may be checked that a distortion or sensitivity of
a radiation pattern 234 provided by a fifth antenna ele-
ment 233 of the antenna module 200a of an embodiment
has been improved in comparison with a radiation pattern
334 provided by a sixth antenna element 333 of the com-
parison target antenna module 300. Also, as shown in a
fourth radiation pattern (H3), a radiation pattern of a sev-
enth antenna element 235 arranged symmetrically to the
fifth antenna element 233 may have a symmetrical direc-
tivity to the radiation pattern (234 of H2) of the fifth an-
tenna element 233, and it may be checked that distortion
or sensitivity has been improved in comparison with a

radiation pattern of a comparison target eighth antenna
element 335.
[0039] As checked from the above-described experi-
mental example, the signal radiation pattern provided by
each of the plurality of antenna elements 231, 233, 235,
and 237 may have improved performance, based on the
conductive pattern 250a of an embodiment, and this may
be understood that the beamforming performance of the
antenna module 200a has been improved as well. For
example, referring to FIG. 4A and FIG. 4B, it may be
checked that a composite beam radiation pattern 238 of
the antenna module 200a in which the radiation patterns
provided from the respective plurality of antenna ele-
ments 231, 233, 235, and 237 are synthesized has an
improved sensitivity and has a more uniform beam cov-
erage compared to a composite beam radiation pattern
338 of the comparison target antenna module 300 not
including the conductive pattern 250a.
[0040] FIG. 5A is a diagram illustrating an antenna
module according to another embodiment, and FIG. 5B
is a diagram illustrating an effect of improving a signal
gain of the antenna module according to another embod-
iment. In FIG. 5A, the same reference numerals are as-
signed to the same components as the above-described
antenna module, and a duplicate description may be
omitted.
[0041] Referring to FIG. 5A, a conductive pattern 250b
of the antenna module 200b (e.g., the first antenna mod-
ule 201, the second antenna module 203, and/or the third
antenna module 205 of FIG. 1) of another embodiment
may improve a width of at least a partial section. For
example, in the conductive pattern 250b, a width of a
partial section corresponding to a lengthwise direction
(e.g., A-A’ direction) of a substrate 240 may be extended
by a specified amount toward the outside of the conduc-
tive pattern 250b (or toward an edge region of the sub-
strate 240). In one example, when a first section of the
conductive pattern 250b not extended in width has a
width of a first size, a second section of the conductive
pattern 250b extended in width may include a width of a
second size relatively larger than the first size.
[0042] According to various embodiments, the width
of the partial section of the conductive pattern 250b may
be also further extended at a size equal to or different
from a specified size, toward the inside of the conductive
pattern 250b (toward the opening 241), to the extent of
not impairing signal characteristics of a beam provided
by using a plurality of antenna elements 230. Or, a width
of all sections of the conductive pattern 250b may be also
extended at a size equal to or different from the specified
size, toward at least one of the outside and the inside of
the conductive pattern 250b, without distinction such as
the partial section, to the extent of not impairing the signal
characteristics of the beam provided by using the plurality
of antenna elements 230. According to various embodi-
ments, the substrate 240 may be formed in a relatively
large area on the board 210 in order to cover the exten-
sion of the width of the conductive pattern 250b or in
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order to improve heat radiation performance due to an
increase of a surface area. When the area of the sub-
strate 240 is extended as above, the heat radiation per-
formance of the antenna module 200b through the sub-
strate 240 may be improved.
[0043] According to an embodiment, when a width of
at least a partial section of the conductive pattern 250b
is extended, the radiation performance of the antenna
module 200b may be improved. In this regard, FIG. 5B
may show an antenna gain cumulative distribution func-
tion (CDF) 201a for a comparison target antenna module
(e.g., the antenna module 200a of FIG. 2, FIG. 3, or FIG.
4A) in which a width of a conductive pattern is not ex-
tended, and an antenna gain CDF 201b for the antenna
module 200b including the conductive pattern 250b of
the extended width. Referring to FIG. 5B, it may be
checked that, when a width of at least a partial section
of the conductive pattern 250b included in the antenna
module 200b is extended, performance is improved in
terms of antenna gain in comparison with the comparison
target antenna module 200a.
[0044] FIG. 6A is a diagram illustrating a display of an
electronic device according to an embodiment, FIG. 6B
is a diagram illustrating an antenna module according to
another embodiment, and FIG. 6C is a diagram illustrat-
ing an effect of signal gain improvement of an antenna
module according to another embodiment. In FIG. 6B,
the same reference numerals are assigned to the same
components as the above-described antenna module,
and a duplicate description may be omitted.
[0045] Referring to FIG. 6A and FIG. 6B, the electronic
device 100 of an embodiment may include a display 150
for outputting (or displaying) various contents related to
a function or service of the electronic device 100. For
example, the display 150 may be arranged wherein at
least a portion thereof is exposed to the outside through
a first plate 110 (e.g., a front plate or cover glass), and
may occupy most of a front surface of the electronic de-
vice 100.
[0046] According to an embodiment, the display 150
may include a display panel 151 and a heat radiation
plate 153 (e.g., a second heat radiation member) ar-
ranged on a lower part of the display panel 151. The heat
radiation plate 153 may, for example, radiate a heat pro-
vided from the display 150 to the outside, or conduct the
heat to other components (e.g., a set structure supporting
the display 150) of the electronic device 100, and in this
regard, the heat radiation plate 153 may at least partially
include a metal material (e.g., copper (Cu)) having a high
thermal conductivity. In various embodiments, the dis-
play 150 may further include, in addition to the display
panel 151 and the heat radiation plate 153, at least one
of a touch panel (or a touch sensor), a pressure panel
(or a pressure sensor), and a digitizer. Or, the display
150 may further include the first plate 110 as a partial
layer of the display 150 as well.
[0047] In an embodiment, the electronic device 100
may further include a fourth antenna module 207 ar-

ranged on a lower part of the display 150, in addition to
the aforementioned first antenna module (e.g., the first
antenna module 201 of FIG. 1), second antenna module
(e.g., the second antenna module 203 of FIG. 1), and/or
third antenna module (e.g., the third antenna module 205
of FIG. 1). In an embodiment, at least a portion of the
fourth antenna module 207 may be embedded in one
region of the heat radiation plate 153 included in the dis-
play 150. For example, at least a portion of the fourth
antenna module 207 may be embedded in an opening
155 (e.g., a second opening) formed in the heat radiation
plate 153 and may be coupled to the heat radiation plate
153. In this regard, the opening 155 may be formed to
have a size corresponding to a size of the fourth antenna
module 207 (e.g., an area of the substrate 240 included
in the fourth antenna module 207).
[0048] According to an embodiment, when the fourth
antenna module 207 is embedded in the opening 155, a
plurality of antenna elements 230 included in the fourth
antenna module 207 may aim for the display panel 151
arranged on an upper part of the heat radiation plate 153.
Also, a substrate 240 included in the fourth antenna mod-
ule 207 may be arranged in parallel to one surface of the
heat radiation plate 153, wherein a step is not formed on
one surface of the heat radiation plate 153 facing the
display panel 151.
[0049] In an embodiment, a width of at least a partial
section of the conductive pattern 250 of the fourth anten-
na module 207 may be extended toward the outside of
the conductive pattern 250 (or toward an edge region of
the substrate 240), and a size of the extended width may
be the same or different depending on the section. Ac-
cording to an embodiment, the conductive pattern 250
may include a heat radiation pattern 251 which is
branched from the conductive pattern 250 and is physi-
cally connected to the heat radiation plate 153 of the dis-
play 150. The heat radiation pattern 251 may include, for
example, a metal material having a high thermal conduc-
tivity in the same or similar manner to the conductive
pattern 250. Based on this, a heat provided from the
fourth antenna module 207 may be conducted to the sub-
strate 240 and the heat radiation pattern 251 through the
conductive pattern 250, and may be conducted to the
heat radiation plate 153 of the display 150 more effec-
tively by the heat radiation pattern 251. According to var-
ious embodiments, the heat radiation pattern 251 on the
fourth antenna module 207 may be omitted as well.
[0050] FIG. 6C may show an antenna gain CDF 201c
for a comparison target antenna module (e.g., the first
antenna module 201, the second antenna module 203,
or the third antenna module 205 of FIG. 1 implemented
as the antenna module 200a of FIG. 2, FIG. 3, or FIG.
4A) and an antenna gain CDF 201d for the fourth antenna
module 207. Referring to FIG. 6C, it may be checked that
an RF signal of the fourth antenna module 207 arranged
on a lower part of the display 150 has a similar antenna
gain performance in comparison with the comparison tar-
get antenna module 201, 203, or 205 arranged in a dif-
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ferent position (e.g., an upper right region, an upper left
region, or a lower right region of the electronic device).
[0051] An electronic device of various embodiments
described above may include at least one processor, an
antenna module operatively connected to the at least one
processor, and a first heat radiation member arranged
on an upper part of the antenna module.
[0052] According to various embodiments, the anten-
na module may include a printed circuit board including
a plurality of layers, a plurality of antennas arranged on
at least some of the plurality of layers toward the first
heat radiation member so as to transmit or receive sig-
nals, and a radio frequency integrated circuit (RFIC) ar-
ranged on a lower part of a first layer of the plurality of
layers and electrically connected to the at least one proc-
essor.
[0053] According to various embodiments, the first
heat radiation member may arrange on an upper part of
a second layer arranged on an upper part of the first layer,
and may include a conductive pattern arranged in one
region thereof so as to be aligned with at least a portion
of an edge region of each of the plurality of antennas.
[0054] According to various embodiments, the anten-
na module may further include a plurality of conductive
via holes which pass through the plurality of layers and
extend wherein at least some thereof are protruded with
respect to the second layer.
[0055] According to various embodiments, the protrud-
ed at least some of the plurality of conductive via holes
may form a wall surrounding at least a portion of an edge
region of each of the plurality of antennas.
[0056] According to various embodiments, the conduc-
tive pattern may be arranged to at least partially overlap
with the wall or be aligned with an edge region of the wall.
[0057] According to various embodiments, the conduc-
tive pattern may include at least one segment region
formed in an arbitrary position on the conductive pattern.
[0058] According to various embodiments, the conduc-
tive pattern may include a plurality of segment regions
formed in regular or symmetrical positions on the con-
ductive pattern.
[0059] According to various embodiments, the plurality
of antennas may include a first patch antenna element
and a second patch antenna element arranged adjacent
to the first patch antenna element.
[0060] According to various embodiments, a portion of
the conductive pattern aligned with at least a portion of
an edge region of the first patch antenna element and
another portion of the conductive pattern aligned with at
least a portion of an edge region of the second patch
antenna element may be at least partially shared.
[0061] According to various embodiments, a partial
section of the conductive pattern may include a width of
a first size, and a section other than the partial section
may include a width of a second size relatively larger
than the first size so as to face an edge region of the first
heat radiation member.
[0062] According to various embodiments, the conduc-

tive pattern may be arranged in the form of relief or en-
graving on the first heat radiation member.
[0063] According to various embodiments, the first
heat radiation member may further include a plurality of
first openings in one region aligned with the plurality of
antennas.
[0064] According to various embodiments, the first
heat radiation member may include at least a partial non-
conductive material less than a specified permittivity.
[0065] According to various embodiments, the first
heat radiation member may include the same or relatively
wider area than the plurality of layers.
[0066] According to various embodiments, the elec-
tronic device may further include a display including a
display panel and a second heat radiation member which
is arranged to face the display panel and has a second
opening formed in one region.
[0067] According to various embodiments, the anten-
na module may be arranged wherein at least a portion
thereof is embedded in the second opening.
[0068] According to various embodiments, the anten-
na module may be embedded in the second opening,
wherein the plurality of antennas face the display panel,
and the first heat radiation member is in parallel to one
surface of the second heat radiation member facing the
display panel.
[0069] According to various embodiments, the conduc-
tive pattern may include a heat radiation pattern that is
branched from the conductive pattern and is connected
to the second heat radiation member.
[0070] An electronic device of various embodiments
described above may include at least one processor, and
an antenna module operatively connected to the at least
one processor.
[0071] According to various embodiments, the anten-
na module may include a printed circuit board including
a plurality of layers, a plurality of antennas arranged on
a first layer of the plurality of layers, a conductive pattern
arranged on a second layer arranged on an upper part
of the first layer, and a radio frequency integrated circuit
(RFIC) arranged on a lower part of a third layer arranged
on a lower part of the first layer, and electrically connected
to the at least one processor.
[0072] According to various embodiments, the conduc-
tive pattern may be arranged on the second layer so as
to be aligned with at least a portion of an edge region of
each of the plurality of antennas.
[0073] According to various embodiments, the anten-
na module may further include a plurality of conductive
via holes which pass through at least some of the plurality
of layers and extend wherein at least some thereof are
protruded with respect to the first layer.
[0074] According to various embodiments, the protrud-
ed at least some of the plurality of conductive via holes
may form a wall surrounding at least a portion of an edge
region of each of the plurality of antennas.
[0075] According to various embodiments, the conduc-
tive pattern may be arranged to at least partially overlap
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with the wall or align with an edge region of the wall.
[0076] According to various embodiments, the conduc-
tive pattern may include a plurality of segment regions
formed in regular or symmetrical positions on the con-
ductive pattern.
[0077] According to various embodiments, a partial
section of the conductive pattern may include a width of
a first size, and a section other than the partial section
may include a width of a second size relatively larger
than the first size so as to face an edge region of the
second layer.
[0078] According to various embodiments, the second
layer may include a plurality of first openings in one region
aligned with the plurality of antennas.
[0079] According to various embodiments, the elec-
tronic device may further include a display including a
display panel and a heat radiation member which is ar-
ranged to face the display panel and has a second open-
ing formed in one region,
[0080] According to various embodiments, the anten-
na module may be arranged wherein at least a portion
thereof is embedded in the second opening.
[0081] According to various embodiments, the conduc-
tive pattern may include a heat radiation pattern that is
branched from the conductive pattern and is connected
to the heat radiation member.
[0082] An antenna module of various embodiments
described above may include a plurality of layers, a plu-
rality of patch antenna elements arranged on a first layer
of the plurality of layers, a conductive pattern arranged
on a second layer arranged on an upper part of the first
layer of the plurality of layers, and a radio frequency in-
tegrated circuit (RFIC) arranged on a lower part of a third
layer arranged on a lower part of the first layer of the
plurality of layers.
[0083] FIG. 7 is a diagram illustrating an electronic de-
vice in a network environment according to an embodi-
ment.
[0084] Referring to Fig. 7, the electronic device 701 in
the network environment 700 may communicate with an
electronic device 702 via a first network 798 (e.g., a short-
range wireless communication network), or an electronic
device 704 or a server 708 via a second network 799
(e.g., a long-range wireless communication network). Ac-
cording to an embodiment, the electronic device 701 may
communicate with the electronic device 704 via the serv-
er 708. According to an embodiment, the electronic de-
vice 701 may include a processor 720, memory 730, an
input device 750, a sound output device 755, a display
device 760, an audio module 770, a sensor module 776,
an interface 777, a haptic module 779, a camera module
780, a power management module 788, a battery 789,
a communication module 790, a subscriber identification
module(SIM) 796, or an antenna module 797. In some
embodiments, at least one (e.g., the display device 760
or the camera module 780) of the components may be
omitted from the electronic device 701, or one or more
other components may be added in the electronic device

701. In some embodiments, some of the components
may be implemented as single integrated circuitry. For
example, the sensor module 776 (e.g., a fingerprint sen-
sor, an iris sensor, or an illuminance sensor) may be im-
plemented as embedded in the display device 760 (e.g.,
a display).
[0085] The processor 720 may execute, for example,
software (e.g., a program 740) to control at least one
other component (e.g., a hardware or software compo-
nent) of the electronic device 701 coupled with the proc-
essor 720, and may perform various data processing or
computation. According to one embodiment, as at least
part of the data processing or computation, the processor
720 may load a command or data received from another
component (e.g., the sensor module 776 or the commu-
nication module 790) in volatile memory 732, process
the command or the data stored in the volatile memory
732, and store resulting data in non-volatile memory 734.
According to an embodiment, the processor 720 may in-
clude a main processor 721 (e.g., a central processing
unit (CPU) or an application processor (AP)), and an aux-
iliary processor 723 (e.g., a graphics processing unit
(GPU), an image signal processor (ISP), a sensor hub
processor, or a communication processor (CP)) that is
operable independently from, or in conjunction with, the
main processor 721. Additionally or alternatively, the aux-
iliary processor 723 may be adapted to consume less
power than the main processor 721, or to be specific to
a specified function. The auxiliary processor 723 may be
implemented as separate from, or as part of the main
processor 721.
[0086] The auxiliary processor 723 may control at least
some of functions or states related to at least one com-
ponent (e.g., the display device 760, the sensor module
776, or the communication module 790) among the com-
ponents of the electronic device 701, instead of the main
processor 721 while the main processor 721 is in an in-
active (e.g., sleep) state, or together with the main proc-
essor 721 while the main processor 721 is in an active
state (e.g., executing an application). According to an
embodiment, the auxiliary processor 723 (e.g., an image
signal processor or a communication processor) may be
implemented as part of another component (e.g., the
camera module 780 or the communication module 790)
functionally related to the auxiliary processor 723.
[0087] The memory 730 may store various data used
by at least one component (e.g., the processor 720 or
the sensor module 776) of the electronic device 701. The
various data may include, for example, software (e.g.,
the program 740) and input data or output data for a com-
mand related thererto. The memory 730 may include the
volatile memory 732 or the non-volatile memory 734.
[0088] The program 740may be stored in the memory
730 as software, and may include, for example, an op-
erating system (OS) 742, middleware 744, or an appli-
cation 746.
[0089] The input device 750 may receive a command
or data to be used by other component (e.g., the proc-

15 16 



EP 4 089 839 A1

10

5

10

15

20

25

30

35

40

45

50

55

essor 720) of the electronic device 701, from the outside
(e.g., a user) of the electronic device 701. The input de-
vice 750 may include, for example, a microphone, a
mouse, a keyboard, or a digital pen (e.g., a stylus pen).
[0090] The sound output device 755 may output sound
signals to the outside of the electronic device 701. The
sound output device 755 may include, for example, a
speaker or a receiver. The speaker may be used for gen-
eral purposes, such as playing multimedia or playing
record, and the receiver may be used for an incoming
calls. According to an embodiment, the receiver may be
implemented as separate from, or as part of the speaker.
[0091] The display device 760 may visually provide in-
formation to the outside (e.g., a user) of the electronic
device 701. The display device 760 may include, for ex-
ample, a display, a hologram device, or a projector and
control circuitry to control a corresponding one of the dis-
play, hologram device, and projector. According to an
embodiment, the display device 760 may include touch
circuitry adapted to detect a touch, or sensor circuitry
(e.g., a pressure sensor) adapted to measure the inten-
sity of force incurred by the touch.
[0092] The audio module 770 may convert a sound
into an electrical signal and vice versa. According to an
embodiment, the audio module 770 may obtain the sound
via the input device 750, or output the sound via the sound
output device 755 or a headphone of an external elec-
tronic device (e.g., an electronic device 702) directly
(e.g., wiredly) or wirelessly coupled with the electronic
device 701.
[0093] The sensor module 776 may detect an opera-
tional state (e.g., power or temperature) of the electronic
device 701 or an environmental state (e.g., a state of a
user) external to the electronic device 701, and then gen-
erate an electrical signal or data value corresponding to
the detected state. According to an embodiment, the sen-
sor module 776 may include, for example, a gesture sen-
sor, a gyro sensor, an atmospheric pressure sensor, a
magnetic sensor, an acceleration sensor, a grip sensor,
a proximity sensor, a color sensor, an infrared (IR) sen-
sor, a biometric sensor, a temperature sensor, a humidity
sensor, or an illuminance sensor.
[0094] The interface 777 may support one or more
specified protocols to be used for the electronic device
701 to be coupled with the external electronic device
(e.g., the electronic device 702) directly (e.g., wiredly) or
wirelessly. According to an embodiment, the interface
777 may include, for example, a high definition multime-
dia interface (HDMI), a universal serial bus (USB) inter-
face, a secure digital (SD) card interface, or an audio
interface.
[0095] A connecting terminal 778 may include a con-
nector via which the electronic device 701 may be phys-
ically connected with the external electronic device (e.g.,
the electronic device 702). According to an embodiment,
the connecting terminal 778 may include, for example, a
HDMI connector, a USB connector, a SD card connector,
or an audio connector (e.g., a headphone connector).

[0096] The haptic module 779 may convert an electri-
cal signal into a mechanical stimulus (e.g., a vibration or
a movement) or electrical stimulus which may be recog-
nized by a user via his tactile sensation or kinesthetic
sensation. According to an embodiment, the haptic mod-
ule 779 may include, for example, a motor, a piezoelectric
element, or an electric stimulator.
[0097] The camera module 780 may capture a still im-
age or moving images. According to an embodiment, the
camera module 780 may include one or more lenses,
image sensors, image signal processors, or flashes.
[0098] The power management module 788 may man-
age power supplied to the electronic device 701. Accord-
ing to one embodiment, the power management module
788 may be implemented as at least part of, for example,
a power management integrated circuit (PMIC).
[0099] The battery 789 may supply power to at least
one component of the electronic device 701. According
to an embodiment, the battery 789 may include, for ex-
ample, a primary cell which is not rechargeable, a sec-
ondary cell which is rechargeable, or a fuel cell.
[0100] The communication module 790 may support
establishing a direct (e.g., wired) communication channel
or a wireless communication channel between the elec-
tronic device 701 and the external electronic device (e.g.,
the electronic device 702, the electronic device 704, or
the server 708) and performing communication via the
established communication channel. The communica-
tion module 790 may include one or more communication
processors that are operable independently from the
processor 720 (e.g., the application processor (AP)) and
supports a direct (e.g., wired) communication or a wire-
less communication. According to an embodiment, the
communication module 790 may include a wireless com-
munication module 792 (e.g., a cellular communication
module, a short-range wireless communication module,
or a global navigation satellite system (GNSS) commu-
nication module) or a wired communication module 794
(e.g., a local area network (LAN) communication module
or a power line communication (PLC) module). A corre-
sponding one of these communication modules may
communicate with the external electronic device via the
first network 798 (e.g., a short-range communication net-
work, such as BluetoothTM, wireless-fidelity (Wi-Fi) di-
rect, or infrared data association (IrDA)) or the second
network 799 (e.g., a long-range communication network,
such as a cellular network, the Internet, or a computer
network (e.g., LAN or wide area network (WAN)). These
various types of communication modules may be imple-
mented as a single component (e.g., a single chip), or
may be implemented as multi components (e.g., multi
chips) separate from each other. The wireless commu-
nication module 792 may identify and authenticate the
electronic device 701 in a communication network, such
as the first network 798 or the second network 799, using
subscriber information (e.g., international mobile sub-
scriber identity (IMSI)) stored in the subscriber identifi-
cation module 796.
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[0101] The antenna module 797 may transmit or re-
ceive a signal or power to or from the outside (e.g., the
external electronic device) of the electronic device 701.
According to an embodiment, the antenna module 797
may include an antenna including a radiating element
composed of a conductive material or a conductive pat-
tern formed in or on a substrate (e.g., PCB). According
to an embodiment, the antenna module 797 may include
a plurality of antennas. In such a case, at least one an-
tenna appropriate for a communication scheme used in
the communication network, such as the first network
798 or the second network 799, may be selected, for
example, by the communication module 790 (e.g., the
wireless communication module 792) from the plurality
of antennas. The signal or the power may then be trans-
mitted or received between the communication module
790 and the external electronic device via the selected
at least one antenna. According to an embodiment, an-
other component (e.g., a radio frequency integrated cir-
cuit (RFIC)) other than the radiating element may be ad-
ditionally formed as part of the antenna module 797.
[0102] At least some of the above-described compo-
nents may be coupled mutually and communicate signals
(e.g., commands or data) therebetween via an inter-pe-
ripheral communication scheme (e.g., a bus, general pur-
pose input and output (GPIO), serial peripheral interface
(SPI), or mobile industry processor interface (MIPI)).
[0103] According to an embodiment, commands or da-
ta may be transmitted or received between the electronic
device 701 and the external electronic device 704 via the
server 708 coupled with the second network 799. Each
of the electronic devices 702 and 704 may be a device
of a same type as, or a different type, from the electronic
device 701. According to an embodiment, all or some of
operations to be executed at the electronic device 701
may be executed at one or more of the external electronic
devices 702, 704, or 708. For example, if the electronic
device 701 should perform a function or a service auto-
matically, or in response to a request from a user or an-
other device, the electronic device 701, instead of, or in
addition to, executing the function or the service, may
request the one or more external electronic devices to
perform at least part of the function or the service. The
one or more external electronic devices receiving the re-
quest may perform the at least part of the function or the
service requested, or an additional function or an addi-
tional service related to the request, and transfer an out-
come of the performing to the electronic device 701. The
electronic device 701 may provide the outcome, with or
without further processing of the outcome, as at least
part of a reply to the request. To that end, a cloud com-
puting, distributed computing, or client-server computing
technology may be used, for example.
[0104] FIG. 8 is a diagram illustrating an electronic de-
vice supporting legacy network communication and 5G
network communication according to an embodiment.
[0105] Referring to FIG. 8, an electronic device 701
may include a first communication processor (e.g., in-

cluding processing circuitry) 812, a second communica-
tion processor (e.g., including processing circuitry) 814,
a first radio frequency integrated circuit (RFIC) 822, a
second RFIC 824, a third RFIC 826, a fourth RFIC 828,
a first radio frequency front end (RFFE) 832, a second
RFFE 834, a first antenna module 842, a second antenna
module 844, and an antenna 848. The electronic device
701 may further include a processor (e.g., including
processing circuitry) 720 and a memory 730. The second
network 799 may include a first cellular network 892 and
a second cellular network 894. According to another em-
bodiment, the electronic device may further include at
least one of the parts shown in FIG. 7 and the second
network 799 may further include at least one another
network. According to an embodiment, the first commu-
nication processor 812, the second communication proc-
essor 814, the first RFIC 822, the second RFIC 824, the
fourth RFIC 828, the first RFFE 832, and the second
RFFE 834 may form at least a portion of a wireless com-
munication module 792. According to another embodi-
ment, the fourth RFIC 828 may be omitted or may be
included as a portion of the third RFIC 826.
[0106] The first communication processor 812 can
support establishment of a communication channel with
a band to be used for wireless communication with the
first cellular network 892 and legacy network communi-
cation through the established communication channel.
According to various embodiments, the first cellular net-
work may be a legacy network including a 2G, 3G, 4G,
or Long-Term Evolution (LTE) network. The second com-
munication processor 814 can support establishment of
a communication channel corresponding to a designated
band (e.g., about 6GHz ~ about 60GHz) of a band to be
used for wireless communication with the second cellular
network 894 and 5G network communication through the
established communication channel. According to vari-
ous embodiments, the second cellular network 894 may
be a 5G network that is defined in 3GPP. Further, ac-
cording to an embodiment, the first communication proc-
essor 812 or the second communication processor 814
can support establishment of a communication channel
corresponding to another designated band (e.g., about
6GHz or less) of a band to be used for wireless commu-
nication with the second cellular network 894 and 5G
network communication through the established commu-
nication channel. According to an embodiment, the first
communication processor 812 and the second commu-
nication processor 814 may be implemented in a single
chip or a single package. According to various embodi-
ments, the first communication processor 812 or the sec-
ond communication processor 814 may be disposed in
a single chip or a single package together with the proc-
essor 720, the auxiliary processor 723, or the communi-
cation module 790.
[0107] The first RFIC 822, in transmission, can con-
verts a baseband signal generated by the first commu-
nication processor 812 into a radio frequency (RF) signal
of about 700MHz to about 3GHz that is used for the first

19 20 



EP 4 089 839 A1

12

5

10

15

20

25

30

35

40

45

50

55

cellular network 892 (e.g., a legacy network). In recep-
tion, an RF signal can be obtained from the first cellular
network 892 (e.g., a legacy network) through an antenna
(e.g., the first antenna module 842) and can be preproc-
essed through an RFFE (e.g., the first RFFE 832). The
first RFIC 822 can covert the preprocessed RF signal
into a baseband signal so that the preprocessed RF sig-
nal can be processed by the first communication proc-
essor 812.
[0108] The second RFIC 824 can convert a baseband
signal generated by the first communication processor
812 or the second communication processor 814 into an
RF signal in a Sub6 band (e.g., about 6GHz or less) (here-
after, 5G Sub6 RF signal) that is used for the second
cellular network 894 (e.g., a 5G network). In reception,
a 5G Sub6 RF signal can be obtained from the second
cellular network 894 (e.g., a 5G network) through an an-
tenna (e.g., the second antenna module 844) and can
be preprocessed through an RFFE (e.g., the second
RFFE 834). The second RFIC 824 can convert the proc-
essed 5G Sub6 RF signal into a baseband signal so that
the processed 5G Sub6 RF signal can be processed by
a corresponding communication processor of the first
communication processor 812 or the second communi-
cation processor 814.
[0109] The third RFIC 826 can convert a baseband sig-
nal generated by the second communication processor
814 into an RF signal in a 5G Above6 band (e.g., about
6GHz ~ about 60GHz) (hereafter, 5G Above6 RF signal)
that is used for the second cellular network 894 (e.g., a
5G network). In reception, a 5G Above6 RF signal can
be obtained from the second cellular network 894 (e.g.,
a 5G network) through an antenna (e.g., the antenna
848) and can be preprocessed through the third RFFE
836. The third RFIC 826 can covert the preprocessed 5G
Above6 RF signal into a baseband signal so that the pre-
processed 5G Above6 RF signal can be processed by
the first communication processor 814. According to an
embodiment, the third RFFE 836 may be provided as a
portion of the third RFIC 826.
[0110] The electronic device 701, according to an em-
bodiment, may include a fourth RFIC 828 separately from
or as at least a portion of the third RFIC 826. In this case,
the fourth RFIC 828 can convert a baseband signal gen-
erated by the second communication processor 814 into
an RF signal in an intermediate frequency band (e.g.,
about 9GHz ~ about 11GHz) (hereafter, IF signal), and
then transmit the IF signal to the third RFIC 826. The
third RFIC 826 can convert the IF signal into a 5G Above6
RF signal. In reception, a 5G Above6 RF signal can be
received from the second cellular network 894 (e.g., a
5G network) through an antenna (e.g., the antenna 848)
and can be converted into an IF signal by the third RFIC
826. The fourth RFIC 828 can covert the IF signal into a
baseband signal so that IF signal can be processed by
the second communication processor 814.
[0111] According to an embodiment, the first RFIC 822
and the second RFIC 824 may be implemented as at

least a portion of a single chip or a single package. Ac-
cording to an embodiment, the first RFFE 832 and the
second RFFE 834 may be implemented as at least a
portion of a single chip or a single package. According
to an embodiment, at least one of the first antenna mod-
ule 842 or the second antenna module 844 may be omit-
ted, or may be combined with another antenna module
and can process RF signals in a plurality of bands.
[0112] According to an embodiment, the third RFIC
826 and the antenna 848 may be disposed on a sub-
strate, thereby being able to form a third antenna module
846. For example, the wireless communication module
792 or the processor 720 may be disposed on a first
substrate (e.g., a main PCB). In this case, the third RFIC
826 may be disposed in a partial area (e.g., the bottom)
and the antenna 848 may be disposed in another partial
area (e.g., the top) of a second substrate (e.g., a sub
PCB) that is different from the first substrate, thereby
being able to form the third antenna module 846. By dis-
posing the third RFIC 826 and the antenna 848 on the
same substrate, it is possible to reduce the length of the
transmission line therebetween. Accordingly, it is possi-
ble to reduce a loss (e.g., attenuation) of a signal in a
high-frequency band (e.g., about 6GHz ~ about 60 GHz),
for example, which is used for 5G network communica-
tion, due to a transmission line. Accordingly, the elec-
tronic device 701 can improve the quality and the speed
of communication with the second cellular network 894
(e.g., 5G network).
[0113] According to an embodiment, the antenna 848
may be an antenna array including a plurality of antenna
elements that can be used for beamforming. In this case,
the third RFIC 826, for example, as a portion of the third
RFFE 836, may include a plurality of phase shifters 838
corresponding to the antenna elements. In transmission,
the phase shifters 838 can convert the phase of a 5G
Above6 RF signal to be transmitted to the outside of the
electronic device 701 (e.g., to a base station of a 5G
network) through the respectively corresponding anten-
na elements. In reception, the phase shifters 838 can
convert the phase of a 5G Above6 RF signal received
from the outside through the respectively corresponding
antenna element into the same or substantially the same
phase. This enables transmission or reception through
beamforming between the electronic device 701 and the
outside.
[0114] The second cellular network 894 (e.g., a 5G net-
work) may be operated independently from (e.g., Stand-
Along (SA)) or connected and operated with (e.g., Non-
Stand Along (NSA)) the first cellular network 892 (e.g.,
a legacy network). For example, there may be only an
access network (e.g., a 5G radio access network (RAN)
or a next generation RAN (NG RAN)) and there is no
core network (e.g., a next generation core (NGC)) in a
5G network. In this case, the electronic device 701 can
access the access network of the 5G network and then
can access an external network (e.g., the internet) under
control by the core network (e.g., an evolved packed core
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(EPC)) of the legacy network. Protocol information (e.g.,
LTE protocol information) for communication with a leg-
acy network or protocol information (e.g., New Radio
(NR) protocol information) for communication with a 5G
network may be stored in the memory 830 and accessed
by another part (e.g., the processor 720, the first com-
munication processor 812, or the second communication
processor 814).
[0115] The electronic device according to various em-
bodiments may be one of various types of electronic de-
vices. The electronic devices may include, for example,
a portable communication device (e.g., a smartphone),
a computer device, a portable multimedia device, a port-
able medical device, a camera, a wearable device, or a
home appliance. According to an embodiment of the dis-
closure, the electronic devices are not limited to those
described above.
[0116] It should be appreciated that various embodi-
ments of the present disclosure and the terms used there-
in are not intended to limit the technological features set
forth herein to particular embodiments and include vari-
ous changes, equivalents, or replacements for a corre-
sponding embodiment. With regard to the description of
the drawings, similar reference numerals may be used
to refer to similar or related elements. It is to be under-
stood that a singular form of a noun corresponding to an
item may include one or more of the things, unless the
relevant context clearly indicates otherwise. As used
herein, each of such phrases as "A or B," "at least one
of A and B," "at least one of A or B," "A, B, or C," "at least
one of A, B, and C," and "at least one of A, B, or C," may
include any one of, or all possible combinations of the
items enumerated together in a corresponding one of the
phrases. As used herein, such terms as "1st" and "2nd,"
or "first" and "second" may be used to simply distinguish
a corresponding component from another, and does not
limit the components in other aspect (e.g., importance or
order). It is to be understood that if an element (e.g., a
first element) is referred to, with or without the term "op-
eratively" or "communicatively", as "coupled with," "cou-
pled to," "connected with," or "connected to" another el-
ement (e.g., a second element), it means that the element
may be coupled with the other element directly (e.g.,
wiredly), wirelessly, or via a third element.
[0117] As used herein, the term "module" may include
a unit implemented in hardware, software, or firmware,
and may interchangeably be used with other terms, for
example, "logic," "logic block," "part," or "circuitry". A
module may be a single integral component, or a mini-
mum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the
module may be implemented in a form of an application-
specific integrated circuit (ASIC).
[0118] Various embodiments as set forth herein may
be implemented as software (e.g., the program 740) in-
cluding one or more instructions that are stored in a stor-
age medium (e.g., internal memory 736 or external mem-
ory 738) that is readable by a machine (e.g., the electronic

device 701) . For example, a processor(e.g., the proces-
sor 720) of the machine (e.g., the electronic device 701)
may invoke at least one of the one or more instructions
stored in the storage medium, and execute it, with or
without using one or more other components under the
control of the processor. This allows the machine to be
operated to perform at least one function according to
the at least one instruction invoked. The one or more
instructions may include a code generated by a complier
or a code executable by an interpreter. The machine-
readable storage medium may be provided in the form
of a non-transitory storage medium. Wherein, the term
"non-transitory" simply means that the storage medium
is a tangible device, and does not include a signal (e.g.,
an electromagnetic wave), but this term does not differ-
entiate between where data is semi-permanently stored
in the storage medium and where the data is temporarily
stored in the storage medium.
[0119] According to an embodiment, a method accord-
ing to various embodiments of the disclosure may be
included and provided in a computer program product.
The computer program product may be traded as a prod-
uct between a seller and a buyer. The computer program
product may be distributed in the form of a machine-read-
able storage medium (e.g., compact disc read only mem-
ory (CD-ROM)), or be distributed (e.g., downloaded or
uploaded) online via an application store (e.g., Play-
StoreTM), or between two user devices (e.g., smart
phones) directly. If distributed online, at least part of the
computer program product may be temporarily generat-
ed or at least temporarily stored in the machine-readable
storage medium, such as memory of the manufacturer’s
server, a server of the application store, or a relay server.
[0120] According to various embodiments, each com-
ponent (e.g., a module or a program) of the above-de-
scribed components may include a single entity or mul-
tiple entities. According to various embodiments, one or
more of the above-described components may be omit-
ted, or one or more other components may be added.
Alternatively or additionally, a plurality of components
(e.g., modules or programs) may be integrated into a
single component. In such a case, according to various
embodiments, the integrated component may still per-
form one or more functions of each of the plurality of
components in the same or similar manner as they are
performed by a corresponding one of the plurality of com-
ponents before the integration. According to various em-
bodiments, operations performed by the module, the pro-
gram, or another component may be carried out sequen-
tially, in parallel, repeatedly, or heuristically, or one or
more of the operations may be executed in a different
order or omitted, or one or more other operations may
be added.

Claims

1. An electronic device comprising:
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at least one processor;
an antenna module operatively connected to the
at least one processor; and
a first heat radiation member arranged on an
upper part of the antenna module,
wherein the antenna module comprises:

a printed circuit board comprising a plurality
of layers;
a plurality of antennas arranged on at least
some of the plurality of layers toward the
first heat radiation member so as to transmit
or receive signals; and
a radio frequency integrated circuit (RFIC)
arranged on a lower part of a first layer of
the plurality of layers and electrically con-
nected to the at least one processor, and

wherein the first heat radiation member is ar-
ranged on an upper part of a second layer ar-
ranged on an upper part of the first layer, and
comprises a conductive pattern arranged in one
region thereof so as to be aligned with at least
a portion of an edge region of each of the plurality
of antennas.

2. The electronic device of claim 1, wherein the antenna
module further comprises a plurality of conductive
via holes which pass through the plurality of layers
and extend wherein at least some thereof are pro-
truded with respect to the second layer,

the protruded at least some of the plurality of
conductive via holes form a wall surrounding at
least a portion of an edge region of each of the
plurality of antennas, and
the conductive pattern is arranged to at least
partially overlap with the wall or be aligned with
an edge region of the wall.

3. The electronic device of claim 1, wherein the con-
ductive pattern comprises a plurality of segment re-
gions formed in regular or symmetrical positions on
the conductive pattern.

4. The electronic device of claim 1, wherein the plurality
of antennas comprise a first patch antenna element
and a second patch antenna element arranged ad-
jacent to the first patch antenna element, and
a portion of the conductive pattern aligned with at
least a portion of an edge region of the first patch
antenna element and another portion of the conduc-
tive pattern aligned with at least a portion of an edge
region of the second patch antenna element are at
least partially shared.

5. The electronic device of claim 1, wherein a partial
section of the conductive pattern comprises a width

of a first size, and a section other than the partial
section comprises a width of a second size relatively
larger than the first size so as to face an edge region
of the first heat radiation member.

6. The electronic device of claim 1, wherein the first
heat radiation member further comprises a plurality
of first openings in one region aligned with the plu-
rality of antennas.

7. The electronic device of claim 1, further comprising
a display comprising a display panel and a second
heat radiation member which is arranged to face the
display panel and has a second opening formed in
one region,
wherein the antenna module is arranged wherein at
least a portion thereof is embedded in the second
opening.

8. The electronic device of claim 7, wherein the antenna
module is embedded in the second opening, wherein
the plurality of antennas face the display panel, and
the first heat radiation member is in parallel to one
surface of the second heat radiation member facing
the display panel.

9. The electronic device of claim 7, wherein the con-
ductive pattern comprises a heat radiation pattern
that is branched from the conductive pattern and is
connected to the second heat radiation member.

10. An electronic device comprising:

at least one processor; and
an antenna module operatively connected to the
at least one processor,
wherein the antenna module comprises:

a printed circuit board comprising a plurality
of layers;
a plurality of antennas arranged on a first
layer of the plurality of layers; a conductive
pattern arranged on a second layer ar-
ranged on an upper part of the first layer;
and
a radio frequency integrated circuit (RFIC)
arranged on a lower part of a third layer ar-
ranged on a lower part of the first layer, and
electrically connected to the at least one
processor, and

wherein the conductive pattern is arranged on
the second layer so as to be aligned with at least
a portion of an edge region of each of the plurality
of antennas.

11. The electronic device of claim 10, wherein the an-
tenna module further comprises a plurality of con-
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ductive via holes which pass through at least some
of the plurality of layers and extend wherein at least
some thereof are protruded with respect to the first
layer,

the protruded at least some of the plurality of
conductive via holes form a wall surrounding at
least a portion of an edge region of each of the
plurality of antennas, and
the conductive pattern is arranged to at least
partially overlap with the wall or align with an
edge region of the wall.

12. The electronic device of claim 10, wherein a partial
section of the conductive pattern comprises a width
of a first size, and a section other than the partial
section comprises a width of a second size relatively
larger than the first size so as to face an edge region
of the second layer.

13. The electronic device of claim 10, wherein the sec-
ond layer comprises a plurality of first openings in
one region aligned with the plurality of antennas.

14. The electronic device of claim 10, further comprising
a display comprising a display panel and a heat ra-
diation member which is arranged to face the display
panel and has a second opening formed in one re-
gion,
wherein the antenna module is arranged wherein at
least a portion thereof is embedded in the second
opening.

15. The electronic device of claim 14, wherein the con-
ductive pattern comprises a heat radiation pattern
that is branched from the conductive pattern and is
connected to the heat radiation member.
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